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Abstract
Air traffic noise maps have been drawn for Istanbul Ataturk International Air-

port. With the establishment of these maps, a study was conducted by using sub-
jective and objective methods in order to assess the noise annoyance levels of 
students and teachers of schools around airport. Questionnaires and intelligibility 
tests were designed (with different questions for teachers and students) in order to 
measure the effect of noise among students and teachers as the classrooms’ users. 
A total of seven hundred and twenty (720) students and one hundred and four-
teen (114) teachers completed the questionnaire, which was mainly designed to 
define their ability to differentiate different noise sources (originating both inter-
nally or externally), and their annoyance levels with these noise sources. The re-
sults reveal that overall, students tend to be more annoyed than teachers; aircraft 
noise is considered the main external noise source and students’ chatter is rated 
the main internal noise source for both groups. Parallel to the annoyance study, 
internal and external noise measurements have been carried out to provide infor-
mation on typical noise levels, to which children are exposed at school. In order to 
evaluate the acoustical quality of classrooms, four elementary schools within a 5 
km radius of the airport were selected and three acoustical parameters have been 
investigated: background noise level, reverberation time and sound insulation. 
Finally, in one of the selected school’s classrooms, a two-stage improvement study 
was realised. Results revealed the striking effect of lower reverberation values on 
increasing speech intelligibility.
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1. Introduction
The acoustic environment is a sound 

field consisting of background noise 
and constructive/destructive reflec-
tions, and the acoustic character of the 
environment can have a serious impact 
on the activities in the respective envi-
ronment. School buildings must create 
the acoustic comfort conditions of the 
learning space and as subject to norms, 
should offer safety, accessibility and 

-

for ensuring acoustic comfort condi-
tions is to ensure audibility of the oral 
communication; the children must be 
able to understand their teacher and 
easily establish verbal contact (Suther-

. For this reason, 
noise is considered the most important 
environmental pollution problem in 

thirty years, a number of studies have 
been carried out to investigate the ef-
fect of noise on the school performance 
and learning abilities of children and to 
determine the level of annoyance that 
noise causes. Most research has been 
focused on the pre-school and elemen-
tary school age group, with the objec-
tive of determining the chronic impact 
of various types of environmental noise 
and noise sources inside the classrooms 

al., 2005). An intensive investigation 
-

don shows that above-standard back-
ground noise and poor acoustic con-
ditions in classrooms adversely affect 
the ability of students to concentrate 

-
er study has found that children from 
“quiet” homes, yet taught in noisy class-
rooms, are less successful on tests than 
children taught in quiet classrooms 

-
search shows that a noisy environment 
has a negative impact on attention and 
memory, as well as an adverse effect on 
students’ ability to follow classes, and 
perform on written and oral tests. The 

et al.,2005) concluded that chronic 
noise exposure is associated with in-
creased noise annoyance levels in chil-
dren, but the results of the study were 

not associated with perceived stress or 
stressful lives. In most of the studies, 
the experience of teachers in regards to 
noise has been neglected, even though 
their performance, in turn, affects stu-
dents’ academic achievements. In a 
study conducted in different regions 
of Istanbul with a high level of traffic 

were asked about their experience. Six-
-

plained about high ambient noise and 
poor classroom acoustics which forced 
them to speak in a loud voice and af-

-
fect of noise on cognitive abilities and 
teaching quality, other studies have 
been dedicated to classroom noise 
and the improvement of the acous-
tic conditions. They all show that im-
provements in the classroom, like the 
use of acoustic materials or the use of 
sound amplification systems, have a 
positive effect on the communication 
between teachers and students, their 
motivation, and their verbal skills. At 
locations with a high noise level, the 
use of highly insulated windows had 
a positive effect on lowering the noise 

Through this study, the object was 
to emphasize the difference between 
teachers’ and students’ annoyance lev-
els caused by high exposure levels of 

With the aid of airport noise maps, 
three high schools and eight elementa-
ry schools in regions with noise levels 

the study. In order to determine the 
deviation from acoustic comfort con-
ditions to the current noise level, de-
tailed measurements were carried out 
at four schools. 

Following this study, a three-stage 
study, including acoustical improve-
ments and detailed intelligibility tests 
were performed in one of the class-
rooms of one elementary school, which 
was located in a highly noisy area 

rd 
and 7th grade students were given sixty 
(meaningful and meaningless) words 
and asked to write down what they 
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heard. The existing acoustic conditions 
were measured concurrently with these 
tests. At the second stage, after finding 
out the (word) intelligibility scores of 
the students, sound absorptive materi-
als were added to the ceiling, thus low-
ering the reverberation (RT). The tests 

and final stage, the original windows 
were replaced with better insulated 
windows, and intelligibility test was re-
peated once more. The objectives were 
to find the relations between intelligi-
bility scores and acoustical quality pa-
rameters (reverberation time, sound 
insulation performance and ambient 
noise) and develop solutions according 
to the required levels. 

2. Criteria, standards and regulations
Acoustical characteristics of class-

rooms, like reverberation times and 
background noise, mainly define the 
speech intelligibility in classrooms. 

-
beration times deteriorate the signal to 
noise ratio (S/N) and lead to a reduction 
in learning efficiency. If children are 
unable to understand the teacher, the 

major function of a classroom in pro-
viding a transfer of information from 
teacher to pupil is impaired (Shield 

classroom may originate from external 
or internal noise sources. Transporta-
tion noise around the school site and 
playground activities are major exter-
nal noise sources. Student foot traffic in 
a school’s corridors can also be counted 
as external noise source. Additionally, 
students sometimes create noise in the 
classroom during lessons, potential-
ly classifying the students themselves 
as internal noise sources. Although 
ambient noise is a defining factor for 
teaching spaces, for optimum speech 
intelligibility, teachers’ voices should 
be heard above the background noise 

In research and regulations, there is 
a tendency to define the background 
noise levels and reverberation times for 
optimum speech intelligibility; howev-
er, it is still controversial to state a sin-
gle standard value because the speech 
intelligibility changes depending on the 
students’ ages, hearing abilities, teach-
ers’ vocal efforts, overall classroom vol-

Table 1. Optimum conditions for speech intelligibility standards and regulations of countries 
on acceptable reverberation time and background noise levels.
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ume, and even the acoustic treatment 
of the classroom. A number of coun-
tries have issued regulations and estab-
lished norms defining the acoustic con-
ditions for learning environments and 
classrooms, being based on an average 
level of speaking and hearing perfor-
mances by teachers and students. The 
standards, whose objective is to ensure 
a maximum level in teacher-student 
communication, define parameters 
like reverberation time, sound insula-
tion and maximum acceptable back-
ground noise. Most countries define 
the values for background noise crite-
ria with the aid of an ‘A’ weighted single 

a simple and reliable method, this in-
dicator does not include any informa-
tion about the frequency contents of 
the noise source. For this reason, for 
more detailed analyses, it may be more 
beneficial to use weighted curves that 
express the information on the spectral 
noise source levels of the octave band 
in a single number unit. The most 
widely used weighted curves are Noise 

-

The sound insulation-related criteria 
are expressed in single number ratings 
(Rw nT,w) defined over a frequen-

In Table 1 and 2, standards and reg-
ulations are given by countries. In its 

Aeq) as 
acceptable background noise for class-

Aeq) for 

2001). 

3. Method
-

es (including an environmental noise 
survey with students and teachers, 
speech intelligibility tests with stu-
dents, and internal and external sound 
measurements to define the acoustical 
quality) were performed within the 
scope of the research. A noise survey 
was conducted in eleven (11) schools. 
Classroom acoustical conditions were 

study including improvements were 

improvements study consisted of three 
stage: the first stage was the definition 
of the existing situation, the second 
stage was classroom ceiling being cov-
ered with sound absorptive materials 
and floor covered with linoleum, and 
at the third and last stage, the current 
windows were replaced with better 

-
ligibility tests were repeated after each 
stage since it was the main parameter 
needed to judge the effects of classroom 
conditions on audibility of speech.

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Requirements on sound insulation of exterior walls  

 

 

Country Descriptor 

Outdoor equivalent sound level (LAeq) 

Ref. <60 

dBA 

60-65 

dBA 

66-70 

dBA 

71-75 

dBA 

>76-80 

dBA 

Belgium R
ı
w+Ctr dB 22 22 27 27 32 (Vermeir 

& Bergh, 

2003) 

 

Holland R
ı
w dB 26 26 26 26 26 

France R
ı
route dBA 35 35    

Germany R
ı
w dB 30 35 40 45 50 

İtaly D2m,nTw  dB ≥ 48 

Decree, 

DPCM 

1997 

Spain D2m,nTw dB 30 32 37 42 47 
CTE DB-

HR, 2006 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Requirements on sound insulation of exterior walls.

Table 3. Classroom’s changing physical characteristics during the 
improvement study.

 

 

Table 3. Classroom’s changing physical characteristics during the improvement 

study 
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 EXISTING MATERIALS 1
ST

 IMPROVEMENT 2
ND 

IMPROVEMENT 

A
T

 C
E
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IN

G
 

plaster + paint, 

reflective surface 

sound absorptive 

suspended ceiling 

applicated 

No another/ extra 

application 

A
T

 F
L

O
O

R
 

marble floor covering linoleum floor covering  

applicated 

No another/ extra 

application 

O
N

  
W

A
L

L
 

 

plaster + paint, 

reflective surface 

No application 

 

Fabric covered acoustic 

panels applicated 

A
T

 W
IN

D
O

W
S

 

 

Windows with poor sound 

insulation performance 

No application 

 

Windows were replaced 

with high sound 

insulation performance 
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Table 4. Distance of the schools to the border and centre of the airport.

Table 5. Plan types of schools selected for the evaluation of comfort conditions.

 

 

 

Table 4. Distance of the schools to the border and centre of the airport 

 

 

 purple, 

exposure to 

the noise 

 > 75 dBA 

 red, 

exposure to 

the noise 

 > 65 dBA 

  

NO SCHOOL NAME 
SCHOOL 

NAME 
ABBR. 

DISTANCE TO THE 
BORDER OF  THE 

AIRPORT 
(approx./km) 

DISTANCE TO 
THE CENTRE OF 

THE AIRPORT 
(approx./km) 

1 50.Yıl Kaya Sebati Tuncay 
Elementary School (*) KST 0,15 2,49 

2 
Zeynep Bedia Kılıçlıoğlu Elementary 

School 
ZBK 0,43 1,56 

3 
Fahrettin Kerim Gökay Anatolian High 

School 
FKG 0,63 2,93 

4 Penyelüks Hasan Gürel Elementary 
School (*, **) PHG 0,78 3,05 

5 
Şehit Pilot Muzaffer Erdönmez 

Elementary School 
SME 0,96 2,28 

6 Altınyıldız Elementary School A 1,40 3,06 

7 
Şehit Binbaşı Bedir Karabıyık High 

School 
SBK 1,41 3,71 

8 Alaattin Keykubat Elementary 
School (*) AK 1,90 4,20 

9 Nasrettin Hoca Elementary School 
(*) NH 2,50 4,76 

10 Cihangir College CK 3,54 5,68 

11 Mehmet Akif Ersoy High School MAE 4,21 6,45 

(*) KST, PHG, AK and NH were selected for acoustical quality evaluations 

(**) PHG was selected for intelligibility study 

 

 

 

 

Table 5. Plan types of schools selected for the evaluation of comfort conditions 

 
ALAADDİN KEYKUBAT (AK)  E. S. 

 

NASRETTİN HOCA (NH) E.S. 

 

PENYELUKS HASAN GUREL (PHG) E.S. 

 

50.YIL KAYA SEBATİ TUNCAY (KS) E.S. 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3.1. Selection of the schools
-

ronmental Noise Control and Manage-
-

 

and Council, 2002) applies. Accord-
ing to this regulation, concerning 
surrounding areas with nearly 50,000 
plane landings and takeoffs annually, 
the noise level in noise-sensitive places 
(such as educational institutions and 

day

night). If this value is exceeded, 
measures must be taken at the affected 
location. Using the Ataturk Airport 
Noise Map, 11 schools with exposure 

the purpose of  action plans. The noise 
exposure levels were measured con-
currently with questionnaire surveys. 
Table 4 shows the selected schools’ dis-
tance to the border and centre of the 
airport.  The data in the table indicates 
that school locations are quite close to 
the airport border. 

Four schools were selected for de-

-

of airport distance, the following rank-
ing (from closest to furthest from the 

-

four schools have a plain rectangular 
shape without any particular architec-

-
derwent a change due to an additional 
wing to the building itself. However, 
this change is not visible in the class-
room dimensions, which are all ap-
proximately 7.0 x 7.0 m.

3.2. Environmental and acoustical
quality survey
3.2.1. Questionnaire and 
intelligibility test design

The student questionnaire consist-
ed of two sections. In the first sec-
tion, personal questions with respect 
to their families and achievements in 
their courses are asked, whereas in the 
second section, questions regarding 

noise perception are featured. Ques-
tions in the second section are divided 
into two parts: one concerning their 
home environment and the other re-
ferring to their school environment. 
The survey aimed to specify whether 
students perceive noise differently at 
home or in the classroom, and to be 
able to analyze whether or not stu-
dents are annoyed from several exter-
nal noise sources heard at home and in 
school at the same level.The students 
were then asked to rank the most an-

scale (Fields et al., 2001). 
For the teachers, a more compre-

hensive questionnaire (comprising of 
five pages) was compiled and distrib-
uted. The survey had six sections: per-
sonal information, classroom acous-
tical properties, noise sources in the 
classroom, noise sources outside the 
classroom, effort to be understood, 
and general evaluation. The choice of 
internal and external noise sources on 
the questionnaire was the same for stu-
dents and teachers, to ensure compa-
rability. In order to evaluate the effect 
of open windows, teachers were asked 
about their vocal efforts in teaching 
lessons. 

The students’ intelligibility test was 

rd) 
and seventh (7th) grade students, who 
were expected to write down the words 
they hear (which were said just once). 
With this test, the goal was to relate the 
speech intelligibility with the current 
acoustic conditions of the classroom.

3.2.2. Participants
A total of 544 elementary school 

participated in the survey, which was 
carried out in eight elementary schools 
and three high schools around Istanbul 

of the participants were 4th graders, 
th

th

students) were 7th grade students. At 

th grade stu-
th grade, 
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th grade, and 
th grade stu-

dents. 
The teachers’ questionnaire was 

completed by a total of 104 primary 
school teachers and 10 high school 

job experience of the teachers was as 

years of experience. 
In Turkey, state schools have dou-

ble shift education (i.e. the same 
classrooms are used by different age 
groups). Therefore, the intelligibility 
tests were performed in the afternoon 

rd grade) 
th grade) stu-

dents in the morning hours of the day 
in the same classroom.

3.2.3. Procedure
The survey was carried out during 

lessons. Following a preliminary ex-
planation session, the surveyors gave 
them the questionnaires and the stu-
dents filled out the forms individually. 
All students were asked to answer the 
questions at the same time, and once a 
question was completed by all students, 
they all proceeded to the next question. 
They were allowed to ask questions at 
any time. Teachers preferred to fill out 
the forms in the teachers’ room during 
their break time. It took around 25 
minutes for the students to complete 
the forms while the teachers spent 
around 15-20 minutes with the ques-

-
bility tests were test words not repeated 
once.               

                                                          
3.2.4. Measurements

Measurements were carried out 
with two objectives in mind: to deter-
mine the environmental noise level 
and classrooms’ acoustic comfort con-
ditions related to reverberation time, 
sound insulation and ambient noise 
levels. The internal and external noise 
measurements were made on regu-
lar school days, while students would 
be working in the classroom. Internal 
noise measurements were complet-
ed with the windows open and closed 
therefore, periods of outdoor physical 
education classes in the playground 
were also avoided. The measurements 
designed to determine the acoustic 
quality conditions reverberation time, 
sound insulation of the external walls 
and background noise level measure-
ments.

-

The noise level measurements were 
carried out concurrently with the 
survey in order to correlate them to 

-
nal noise values were measured in the 
school courtsyards in front of the ex-
ternal walls of the classrooms where 
the questionnaires were completed. All 
measurements were made during reg-
ular school days during hours without 
extraordinary noise from rain, strong 
winds, thunder or sports lessons in the 

Figure 1. Plan view of a classroom, showing receiver and source positions. Receiver points 
shown in letters in black indicate the background noise level measurement positions.



open. Internal noise measurements 
were carried out in classrooms adjacent 
to, or similarly located to, occupied 
classrooms, with the windows open 
and closed. This procedure was chosen, 
as it would have been rather difficult to 
keep the class silent during measure-

Aeq A5
 according to frequencies; the 

results were obtained by processing the 

for handheld sound level meters, Type 

are five-minute samples of interior and 
exterior noise levels. In determining 
the number of measurements points 
and positions, issues specified under 

-

Measurements of sound insulation
The external walls are the most im-

portant structural elements separating 
the interior from the exterior environ-
ment. The measurements were carried 
out on weekends when the schools 
were closed for vacation. To measure 
the inside and outside level differences, 

used: one was placed outside facing the 
facade, and the other inside the class-
room. For signal transmission, an AR 

simultaneous noise level measure-
ments, was used. The data collected 

which processed all the collected data 
2m,nT) 

as the sound insulation index of the fa-
-

background noise and reverberation 
time measurements were carried out 
for the necessary receiver room ab-

-
ent positions in the classrooms. For the 
improvement study, the existing win-
dows were replaced with a better insu-
lated windows and all measurements 
were repeated with the same method.

Measurements of reverberation time
To measure the reverberation time, 

time sound analyser was used, which 

power amplifier connected to the 
-

tional dodecahedron sound source was 
used. The generated sound was cap-
tured by a microphone connected to 

-

 
 
 
 
 
 
 
 
 

Table 6. Noise annoyance of students’ values with comparison of at home and at 
school  

 
 

Comparison of external noise heard at 
home and in the classroom 

Comparison of external noise 
annoyance at home and in the classroom 

NOISE 
SOURCE 

Home (%) Classroom 
(%) 

p value Home (%) Classroom 
(%) 

p value 

Traffic 63,5 58,2 0,040 56 58,2 0,395 
Airplane 83,1 80,3 0,173 71,3 77,5 0,006 
Noise from 
playgrounds 

81,0 74,0 0,001 64,7 70,0 0,033 

Horn and 
sirens 

55,0 49,6 0,039 48,2 45,6 0,317 

Street 
vendors 59,3 32,5 0,000 40,3 29,7 0,000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6. Noise annoyance of students’ values with comparison of 
at home and at school. 

Figure 2 . Comparison of external noise annoyance level at home and in the classroom.
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cally calculated the reverberation time 

Measurement positions were in seats, 
at average ear height, 1.1 m above the 
floor. Since the four classrooms were 
of similar size, the current receiver 
positions represent the same receiv-
er positions. At each position, and in 
octave bands from 125 to 4000 Hz, 
reverberation times were measured. 
In the laboratory, measurements were 
then transferred to a computer using 

which calculated the mean RT and the 
respective standard deviation for each 
evaluated frequency. This procedure 
was repeated for each classroom in 
which RT was measured. The reverber-
ation time values of four (4) different 
classrooms in four (4) different schools 

-
sitions (Figure 1). The classrooms have 
a volume of 140-150 m and each have a 
capacity of 40 students. Measurements 

3.2.5. Statistical analysis
For statistical analysis of the ques-

students’ and teachers’ answers about 
noise annoyance, a Z-test was per-

formed with the null hypothesis, which 
plays a major role in testing the signif-
icance of differences in control groups. 
In the survey, it is stated for the null 
hypothesis that there is no significant 
difference between the averages of 
the two groups (H0: Πx = Πy ), where 

represents the groups; for the alter-
nate hypothesis, it is stated that there 
is a significant difference between the 
averages of two groups (H1  : Πx  ≠ Πy 

evaluate the “statistical significance” 
of the data. The p-value is the proba-
bility of rejecting the null hypothesis 
when that hypothesis is true. In this 
study, p-values were tested within a 

p<0.05, the null hypothesis is rejected, 
which means that there’s a meaningful 
or important difference between the 

4. Findings
4.1. Findings with respect to
questionnaires

The questionnaires for elementary 
and high school students and teach-
ers were both evaluated separately for 
each group and later compared with 

the level of awareness and annoyance 
of students and teachers regarding par-
ticular forms of environmental noise 
at home and at school were analysed. 
The most annoying external noise 
sources were identified as traffic, air-
planes, trains, industrial noise, noise 
from playgrounds, construction sites, 
animals, and horns, respectively. The 
survey also included questions on in-
ternal noise sources with a negative 
impact on lessons; they were identified 
as students talking with each other, the 
moving of desks and chairs, audio-vi-
sual equipment, lighting fixtures, noise 
from corridors, noise from other class-
rooms, and noise from outside. 

4.1.1. Students responses
Ability to differentiate noise at 
home and at school

An examination of students’ noise 
annoyance ratings of noise at home 
and at school finds airplane noise in 
the first place, followed by noise from 
playgrounds, traffic, horns, sirens, 

Table 7. External noise heard and noise annoyance during lesson 
of elementary school students’ values with comparison to high 
school students’ values.

Figure 3 . Perceived noise level of schools between elementary and 
high school.

 
 
 
 
Table 7. External noise heard and noise annoyance during lesson of elementary 
school students’ values with comparison to high school students’ values 

 
Comparison of external noise heard in 
elementary and high school students in 

the classroom during lesson 

Comparison of external noise annoyance 
in elementary and high school students in 

the classroom during lesson 

NOISE 
SOURCE 

Elementary 
School (%) 

High 
School 

(%) 
p value 

Elementary 
School (%) 

High 
School (%) 

p value 

Traffic 58,1 58,5 0,920 59,2 55,1 0,347 
Airplane 81,4 76,7 0,190 80,3 68,8 0,003 
Noise from 
playgrounds 

73,9 74,4 0,888 73,3 59,7 0,001 

Horn and 
sirens 

48,7 52,3 0,412 45,8 44,9 0,841 

Street 
vendors 31,3 36,4 0,218 29,2 31,3 0,617 
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and street vendors’ noise. Compar-
ison of the noise ratings at home and 
in the classroom revealed a statisti-
cally significant difference between 
home and school, with noise heard at 
home being rated less annoying than 
the same noise source heard at school. 
The only difference is airplane noise, 

The reason for this may be that there 
are many agents, which affect student’s 
attention concerning noise at school. 
Through a comparison of noise annoy-
ance caused by airplanes, traffic, noise 
from playgrounds, horns, and sirens at 
home, and those noise sources in the 
classroom, no significant difference 
was found, statistically. Students are 
annoyed by noise sources at the same 
degree, as they hear them. As indicat-
ed in the previous research, this result 
reveals that they are more sensitive to 
noise in the classroom while trying to 

When degrees of noise annoyance 
are examined, students are bothered 
by airplane noise above the moder-
ate level both at home and at school, 
while annoyance levels of other noise 
sources are below the moderate level. 
When comparing the home and class-
room environments, it was found that 
all external noise sources (except horns 
and sirens) disturb students signifi-
cantly more when they are in school. 
Students’ abilities to compare and re-
port the annoyance caused by different 
noise sources explicitly puts forward 
that children are aware of the noise 

problem and struggle while learning 
because of high noise levels (Figure 2).

Comparison between elementary 
and high school students’ responses 

In response to the question of evalu-
ating the noise levels at the location of 
their schools, most of the elementary 
and high school students defined their 
schools as moderately noisy, given that 
their schools are in a moderately noisy 

elementary school students who find 
their schools located in an extreme-
ly noisy location is significantly more 
than the high school students.

When the percentages of the noise 
heard among elementary and high 
school students at school are analysed, 
the highest rated noise source is air-
plane noise, followed by noise from 
playgrounds, traffic, horns and sirens, 
and street vendors. A comparison of 
the student groups yields no statistical-
ly significant difference. This indicates 

Figure 4 . Comparison of external noise annoyance level in elementary and high school 
students in the school during lesson.

Figure 5 . Perceived noise level of schools between teachers and 
students.
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that age does not affect students’ aware-
ness of noise sources at school. In a 
comparison of the student groups with 
respect to annoyance at school (caused 
by traffic, horns, sirens, and street 
vendor noise), again, no statistically 

elementary school students are more 
annoyed by airplanes and noises from 
playgrounds while in the classroom 
than high school students. A compar-
ison of the percentages of annoyance 
shows that high school students are 
less annoyed by noise heard at school, 
while elementary school students are 
annoyed by noise sources at school to 
the same degree as they hear them. 
This result indicates that elementary 
school students are more sensitive to 
noise in the classroom - while they are 
trying to concentrate on lesson - than 
high school students (Table 7).

     As to the annoyance degree levels, 
elementary and high school students 
are annoyed by airplane noise at school 
to an above moderate level, while an-
noyance caused by other noise sources 
is below the moderate level. The high-
est maximum percentage of both ele-
mentary and high school students who 

are highly annoyed by airplane noise 

> 0,05 for airplane noise) (Figure 4).

Teachers responses
With respect to internal noise 

sources, teachers registered students 
talking among each other during class-

source; this was followed by noise from 
-

and noise from lighting fixtures 

about the annoyance of the noise they 
heard with the following results: outside 

-

-
mal voice level was sufficient to be un-

stated that they had to raise their voices. 

used teamwork as a teaching method, 
and that they had to raise their voices 

stated that they had to raise their voices 
to be sufficiently understood, particu-
larly during flyovers, and that this put a 
serious strain on their vocal cords and 
had subsequent health consequences.

Figure 6 . Comparison of external noise annoyance level in students and teachers in the 
classroom during lessons.

 
 
 

Table 8. External noise heard and noise annoyance of students’ values 
with comparison to teachers’ values 

 

 
Comparison of external noise heard 
in students and teachers in the 
classroom during lesson 

Comparison of external noise annoyance 
in students and teachers in the classroom 
during lesson 

NOISE 
SOURCE 

Teachers (%) Students 
(%) 

p 
value 

Teachers (%) Students 
(%) 

p value 

Traffic 36,84 58,2 0,000 29,82 58,2 0,000 
Airplane 85,09 80,3 0,190 72,81 77,5 0,293 
Noise from 
playgrounds 

64,04 74,0 0,037 41,23 70,0 0,000 

Horn and sirens 36,84 49,6 0,009 29,82 45,6 0,000 
Street vendors 18,42 32,5 0,000 14,04 29,7 0,000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 8 . External noise heard and noise annoyance of students’ 
values with comparison to teachers’ values.
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Comparison between teachers and 
students’ responses

Students and teachers answered the 
question about the perceived noise 
level at the location of their schools as 
moderately noisy (Figure 5). However, a 

to have a quieter school location.
An examination of the percentages 

of noise heard and the noise annoyance 
of students and teachers identifies air-
plane noise as the highest rated noise 
source followed by playground noise, 
traffic, horns, sirens, and street vendor 

annoyed by external noises than stu-

dents except with regards to airplane 
noise. This result indicates that students 
are more sensitive to noise in the class-
room than teachers while trying to un-
derstand the information taught by the 
teacher.

A closer look at the annoyance lev-
els shows that the numbers of students 
and teachers annoyed by airplanes are 
above the moderate level, while annoy-
ances caused by other noise sources are 
rated below the moderate level. The an-
noyance percentages for students and 
teachers are highest for airplane noise, 
with students being more annoyed than 

4.2. Findings with respect to 
intelligibility tests

As part of the improvement study, 
the same intelligibility tests were used 
during the study. As can be seen from 
the results of the test scores, changing 
the classrooms’ physical attributes by 
applying an absorbent suspended ceil-
ing remarkably increased the speech 
intelligibility scores (Figure 7). When 
windows were open, the intelligibility 

Figure 7 . Comparison of the intelligibility 
test results (%).

Figure 8. Ambient noise levels measured 
during questionnaire survey.

Figure 9. Reverberation Time levels of four classrooms.

Table 9. Descriptive statistics of noise levels.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9. Descriptive statistics of noise levels 
 

  LAeq LA5 LA90 LA99 LAmax LAmin 
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Mean 70,6 73,8 61,9 59,7 81,8 60,2 
Std. Deviation 4,3 4,9 3,9 3,8 6,5 4,0 

Range 14,1 16,5 11,6 11,0 20,7 10,9 
Minimum 62,1 64,0 56,8 54,3 70,4 54,8 
Maximum 76,2 80,5 68,4 65,3 91,1 65,7 

In
te

rn
al

 n
oi

se
 

W
in

do
w

s 
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en
 

Mean 64,2 67,2 56,9 54,8 75,4 55,5 
Std. Deviation 3,7 3,8 4,3 4,3 3,8 4,4 

Range 10,6 11,0 10,8 11,2 11,2 11,5 
Minimum 59,9 62,1 51,5 48,8 71,0 49,4 
Maximum 70,5 73,1 62,3 60,0 82,2 60,9 

W
in

do
w

s 
cl

os
ed

 

Mean 53,0 55,6 46,6 44,5 63,6 45,0 
Std. Deviation 2,9 3,5 4,4 4,4 4,3 4,5 

Range 7,4 9,6 10,3 10,9 11,8 10,4 
Minimum 49,0 49,9 40,6 38,6 57,2 39,1 
Maximum 56,4 59,5 50,9 49,5 69,0 49,5 
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scores of meaningful and meaningless 

rd 

th graders, after the first 

the winter season when the windows 
were closed, the intelligibility scores of 
meaningful and meaningless words in-

rd grad-
th grad-

ers. As can be seen from Figure 7a, the 
effect of the first improvement (lower-
ing the RT to an acceptable level) on 
the speech intelligibility scores is more 
when compared to the scores tested af-
ter the second improvement (increas-
ing the sound insulation characteristics 
of facade by changing the windows). 
These results prove that providing an 
absorptive environment is the key at-
tributes to ensure the audibility of oral 
communication in the classroom.

4.3. Findings with respect to 
measurements
4.3.1. Noise levels

The environmental noise param-
eters, which were recorded at each 
site for 5 minutes, are the (internal 
and external) ambient sound levels 

Aeq,5min) and the background noise 
A5 ), which indicate 

the noise characteristics of the local 
environment. A weighted (maximum 
and minimum) sound levels were 

measured outside the school build-
ings in the playground area. Where 
possible, the measurements were con-
ducted in front of the noisiest facade 

A5 indicates 
symbolizes the 
the underlying 

Aeq Amax 

Amin the highest and lowest level, 
respectively (to which the schools are 
subjected). Since state schools have no 

windows during the summer. For this 
reason, the internal noise levels were 
determined with open and closed win-
dows separately. The parameters of 5 
minute measurements during lessons 
in classrooms with open and closed 

the playground, the most commonly 
occurring noise levels are in the range 

Aeq. With open windows, 

closed windows reduced the internal 

Considering all schools together, 
standard deviations, means, and ranges 
of the measured parameters are shown 

A5  (12,1 

the day in a noisy area. It can be seen 
that, for most parameters, the standard 
deviation is approximately around 5.5-

Amax levels, with a high 
standard deviation of approximately 7 

Amax measured during a 5 min. 
period reflects the occurrence of indi-
vidual events with noise levels higher 
than the ambient noise. This param-
eter would therefore be expected to 
demonstrate the widest variation of all 
parameters. 

Figure 10. Comparison of the reverberation 
time values obtained after the improvements.
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4.3.2. Reverberation time
measurements

four evaluated classrooms. The volume 
of the classrooms was around 140 m . 
When compared with the limit val-
ues established by different standards 
or regulations, the acoustical quality 
conditions all the schools are exces-
sively higher than the required limits 
as defined in Table 1. Research shows 
that the presence of students has a pos-
itive influence on the reduction of RT 
values, but that it also causes reduced 
signal levels and increased background 
noise due to student activities. In the 
current situation even though these 
values would be expected to drop when 
students are present, sound absorbing 
materials would have to be added to 
classroom surfaces. The measured RT 
values show the lack of acoustic com-
fort in the classrooms. The acoustic 
deficiency in these spaces impairs 

communication between students and 
teachers, since high RT diminishes the 
intelligibility of speech. 

Figure 10 shows the comparison of 
reverberation values which were mea-
sured before and after the improve-
ment of the classroom physical condi-

ceiling and the terrazzo floor covered 
with linoleum floor material to prevent 
the excessive noise level created due 
to the students’ activities during class 
time. As the second improvement was 
mainly designed to lower the excessive 
ambient noise penetrating from the fa-
cade, the replacement of the windows 
doesn’t changed the reverberation time 
too drastically. The slight variations 
in the RT values are caused by the ab-
sorptive wall panels applied to one of 
the side walls. As can be seen from the 
graphics, after the second improve-

Figure 11. Current weighted standardized level difference values of façades. 
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ment, the required reverberation time 
values were provided in the classroom 
as defined in the regulations.

Sound insulation measurements
Although several authors state that 

ambient noise levels and reverberation 
time are the most important parame-
ters that affect the acoustic quality of 
classrooms, sound insulation should 
not be disregarded. Sound insulation 
should be a priority in school environ-
ments where the noise sources cannot 
be altered, especially in schools affect-
ed by high levels of noise from road, 

complexity of the measuring process 
(in terms of the quantity of equipment 
and number of people involved), sound 
insulation measurements were taken in 
only four of the eleven schools. After 
the field measurements, the data was 
transferred to the Qualifier software 

data collected and provides a weight-
ed standardised level difference values 

2m,nT,w) of façades (Figure 11). The 

facade is composed of double-glazed 
windows and a brick wall. The stan-
dardised sound insulation values 

2m,nT,w) of four schools differ between 
-

tion of facades recommended in Table 

in this study. The insulation value rec-

2m,nTw are far be-
low the desired sound insulation of 
facade levels and far below the desired 
level specified in different countries’ 
standards (Table 2). Comparisons of 
weighted standardised level difference 

2m,nT,w) are given in Figure 12.

test the intelligibility of students in 
-

As can be seen from the third graphic, 

Figure 12. Comparison of weighted standardized level difference values of façades.

Figure 13. Comparison of background noise levels.



applying a better sound insulated win-
dows has provided the required back-
ground noise levels as requested in the 
regulations given in Table 2. With the 
new windows, background noise lev-

windows were closed.

5. Conclusion
To evaluate school noise perception 

and acoustic conditions, elementa-
ry and high school students and their 
teachers at eleven schools around Is-
tanbul Ataturk Airport were asked to 
complete a questionnaire. It was found 
that these two main groups of occu-
pants were subject to high levels of am-
bient noise mainly caused by aircraft 
traffic. Measurements of ambient noise 
revealed an unacceptably high lev-
el of noise in the classrooms; in some 
schools, the average noise level was 

the windows were open. The measured 
levels exceeded the limits defined in 

-
er national norms. Not a single class-
room was within the recommended 
limits.

High ambient noise is an attention 
distracting factor in the acoustic en-
vironment of classrooms and affects 
the level of concentration, attention, 
participation, and specifically speech 
perception with regards to learning, 
reading, writing and spelling abili-
ties of students (young children at el-
ementary schools in particular). The 
answers to questions on noise aware-
ness and noise annoyance, which were 
gathered simultaneously with noise 
measurements, show that students and 
teachers are sensitive to similar sourc-
es of noise. However, aircraft noise was 
found to be the main cause of annoy-
ance compared to other noise sources. 
With respect to a moderate level of an-
noyance, aircraft noise was rated well 
above moderate, while all other noise 
sources were rated below moderate. At 
home, students are as annoyed by noise 
as they are at school, but at home, they 
are also more sensitive to it. Among the 
student groups, elementary school su-
dents were found to be more annoyed 
by noise in the classroom than high 
school students, who are in general 
more affected than their teachers. This 

study’s results show that external noise 
both distracts and annoys students 
and, in particular, the negative state of 
mind caused by noise may have a long-
term impact on their learning ability. 

Teachers’ performances also suffer 
as a result of noise due to its interfer-
ence in the oral transmission of infor-
mation, and thus, the teaching process. 
In the worst cases, it may even affect 
their vocal cords, as teachers have to 
raise their voices to be heard above 
the competing outside noise. However, 
despite the fact that teachers are more 
sensitive to noise sources, students 
seem to be more annoyed by noise 
than teachers. Though it should be the 
teachers’ task to inform students about 
the adverse effects of noise and how 
to protect against it; this is one of the 
important social results of this study 
which requires a more detailed analy-
sis. This survey indicates that schools 
exhibit inadequate acoustic conditions 
for the reduction of noise. Insufficient 
sound quality and air tightness of win-
dows are the main obstacles to noise re-
duction. The teachers of the classroom 
in noisy areas tends to shut windows 
especially during quiet activities to re-
duce the effect on teaching of aircraft 
noise as well as other external noises. 
This may cause an increase in the like-
lihood of students relate the classroom 
experience overheating in hot weather 
and poor air quality due to the lack of 
insufficient ventilation. 

The acoustic measurements and 
physical evaluation of classrooms re-
vealed none of the classrooms exhib-
ited the use of acoustically modified 
furniture partitions, drapes or acousti-
cal ceiling tiles, or carpeting, which are 
the most effective measures in noise re-
duction. The lack of appropriate acous-
tical measures in the classrooms was 
apparent. Interviews with students and 
teachers have shown that apart from 
external noises (mainly aircraft orig-
inated) the main noise sources noted 
in the classroom originate inside the 
school. The findings of the improve-
ment study, exhibited that the use of 
sound absorbing materials were found 
quite effective in increasing the speech 
intelligibility and reducing the class-
room internal noise level. 

As a final result of the study, it can 
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be said that while the investigating the 
effect of environmental noise on chil-
dren, a wide range of performance fac-
tors and different noise sources must 

-
cerning acoustic comfort at schools 
within noisy environments (such as 
those near airports) requires costly up-
grades which may not always be suc-
cessful. For this reason, before taking 
any noise-reducing action, the effect of 
airplane noise should be determined 
and the measures should be adapted to 
the prevalent noise level, accordingly.
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